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ABSTRACT (Continue on reverse if n essary and identify by block number)
We report a summary o our observations of the angular *ameters of the shells around evolved red giants. Many of these sources are partially esolved with a ground-based 2.4-m telescope. have concentrated our efforts in the -13 micron spectral range because this corr sponds to the emission excesses observed i the spectra of oxygen-rich stars. These e esses are commonly thought to arise from sma 1,"silicate" mineral grains in the circums llar shells. We have fully resolved the shell sLucture for the bright supergiant al a Orionis. A study of the results shows that the o acity of the silicate mineral grads around that star is similar to that inferred for oth evolved stars and for the Tr pezium. Table 3 7 Table 4 7 Table 5 8 Figure 
I. Introduction
It is well known from radiative transfer theory that the physical parameters characterizing a particular source are constrained not only by the flux spectrum but also by the angular size of the source.
Fix and Cobb (1988) pointed out that measurements of the angular size as a function of wavelength, in the range from 8 to 13 um, can be particularly useful to define the opacity of dust in circumstellar shells.
For stars on the red giant and asymptotic giant branches of post-main sequence evolutionary tracks, circumstellar shells are the footprint of extensive mass loss.
The mass loss process appears to be very common and may be expected to affect both the evolution of the parent star and the equilibrium of the interstellar medium. Unfortunately, for most evolved stars, very little angular size information exists at any wavelength and even less over a range of wavelengths.
We began a program of one-dimensional (ID) speckle interferometry to measure the angular diameters of evolved stars at several wavelengths between about 1 and 13 Um, with special emphasis to the region around 10 gm. This spectral region is close to the maximum of the excess emission radiated by dust in shells around oxygen-rich stars which is generally attributed to thermal radiation from small silicate grains.
Results of our surveys to identify potentially interesting candidate stars have already been published (Dyck et al. 1984; Benson et al. 1989) .
In this report we present additional observations of a number of the brighter and larger angular sized shells.
Both oxygen-rich and carbon-rich stars showing a wide range of shell optical thicknesses have been included in the study. This report is the only forum in which some of the data will ever be published. It is our hope that these data will provide a useful basis for comparison to sophisticated circumstellar shell model predictions.
In addition to our own observations, which make up the bulk of the data presented, we have included estimates of angular diameters taken from other studies.
A summary of all stars considered is given in Table 2 . In the remainder of the report we describe the observations and the qualitative differences seen from one star to another.
II. The Observations and Models
Our basic speckle scanning technique has already been described (Dyck and Howell 1985; Benson et al. 1989) .
In Table 1 we have listed the central wavelengths and bandwidths of the spectral passband filters used for the observations. Most of the data were obtained during 1988 and 1989 using the University of Wyoming 2.4-m telescope on Jelm Mountain in southern Wyoming.
Some data were obtained earlier at the 3.8-m UKIRT, the 3-m IRTF or the 2.2-m University of Hawaii telescopes on Mauna Kea. The instrumental and atmospheric response have been removed by dividing the raw source visibility by the corresponding visibility of an unresolved calibrator. Each data set is characterized by the wavelength and PA of the observation, given in parentheses next to the graph. We have shown 1-a error bars when they exceed the size of the plotted point, where the errors have been determined from the dispersion among numerous independent sets of observations. The standard error of the mean has been adopted.
We have computed simple model fits to the data for the purpose of discussion.
These consist either of (1) a single-component Gaussian brightness distribution characterized by an angular size, 8, which is full-width at half maximum intensity (FWHM) or (2) a two-component brightness distribution in which one component is a Gaussian and the other is unresolved.
In this latter case 8 corresponds to the FWHM of the resolved halo and V t to the fraction of the flux emitted by the unresolved core source.
Although the Gaussian models are not necessarily realistic, they are convenient and, generally, the angular diameters derived from them are scalable in a simple way to angular sizes of more appropriate brightness distributions. Because the models are not fundamental they have not been shown on the visibility graphs. The results of the model fits to our observations are given in Table 3 . For the two-component models, we have listed the values of Vt in Table 4 . Other estimates of angular size are summarized in Table 5 along with references to the source of the data.
-5- Iteference Kcy: All the plotted data There are some differences among the ten stars in the details of the wavelength dependence of the angular diameter. CIT 6, the one carbon star shown in the figures, exhibits a generally slower increase of angular diameter between the near infrared (1-5 pm) and 10 pm than do the oxygen-rich stars. This probably results from differences in the composition of the dust in the respective envelopes:
Pure carbon dust does not show the prominent, broad opacity enhancement between 8 and 12 pm that is shown by generic silicates (Draine and Lee 1984) . Silicon carbide has a feature at 11.3 pm and variable amounts of this material in carbon-star envelopes could change the ratio of near to mid-infrared diameters.
-9- is the only star with a completely resolved circumstellar shell at 10 pm. For the remaining stars only partial resolution is achieved. Then, for the optically thinner shells (RX Boo and BI Cyg) the apparent variation with wavelength arises from the differing contribution from the underlying star at different wavelengths. The "true" variation of the shell diameter for both optically thin and thick shells appears to be small over this range of wavelengths.
This analysis has shown that the opacity in the circumstellar shell surrounding a Ori is almost identical to that derived by Bedijn (1987) from the constraint that the flux spectrum must be matched in two other red giant stars. By postulating that the dust opacity is identical in all optically thin shells, one may reproduce the detailed behavior of the partially resolved shells around RX Boo and BI Cyg.
This form of the dust opacity is reasonably similar to that derived by Gillett et al. (1975) from the presumed optically thin Trapezium emission.
The principal -10-difference is a lower value of the red giant circumstellar opacity at wavelengths near 8.5 pm.
We have shown the results from this study in Figure 3 , where the individual points are the relative optical depth derived from the observations of a Ori. The opacity adopted by Bedijn (1987) is shown, for comparison, as a solid line; the Trapezium opacity is shown as a dashed line. The optically-thicker shells are more problematic because they show no obvious variation of angular diameter with wavelength. This is counter to one's simple expectation if the opacity is similar to that found for the optically-thin shells. If the shell is both physically extensive and optically thick, then one sees, at any wavelength, to an optical depth of approximately -= 1. Because the opacity varies with wavelength, the physic-al depth must also vary with wavelength for a fixed %. Thus the angular diameter must vary with wavelength which is counter to what is observed. We suspect that either the opacity is remarkably different in the two optical depth extremes (see, e.g., the discussion of opacity similarities presented by Bedijn 1987) or that the shells themselves may not be physically very extensive. That is, in the latter case, their radii may be much larger than their thicknesses. This is a problem which appears to be well-established by the observational data but which requires additional theoretical study.
-Il-
IV. Conclusions
We have shown in this study that circumstellar shell diameter measurements are possible with existing single-mirror ground-based telescopes.
A few sources are fully resolved but many are only partially resolved.
For the fully-resolved sources it is possible to derive the wavelength dependence of the opacity variation in the shell. A careful study with narrower filters than those employed in our study could delineate this dependence very accurately. This technique would allow theoretical workers to make full use of the power of radiative transfer theory to define empirically the nature of the dust in shells surrounding evolved stars.
Our measurements were carried out with a 2.4-m telescope and the largest ground-based telescopes will gain a factor of two in angular resolution. Inspection of the visibility data plotted in the Appendix suggests to us that telescopes at least a factor of five larger will be needed to increase the sample of fully-resolved sources significantly. This kind of baseline clearly lies in the venue of multiple-telescope interferometry.
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